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Introduction
Selection of dosage, timing, and number of anabolic implants continues to be a source of controversy for feed yard managers and their consultants. Although the dose-dependent effects on performance are fairly well accepted, impacts on carcass quality continue to be debated. This study was intended to summarize effects of different implant programs on performance and carcass quality on the basis of a cross section of available published research.
Experimental Procedures
A total of 83 studies (61 steer studies and 22 heifer studies) were included in a metaanalysis of the effects of implant program on feedlot performance (daily gain, dry matter intake, and feed conversion) and carcass traits (hot carcass weight, yield grade, and marbling score).
Individual implant programs were consolidated into groups of similar dose programs (Table 1) . Any combinations of implant groupings used in reimplant programs were coded according to dosage (e.g., Synovex-S followed by Synovex-Plus = MOD/HIGH). If no implant was given immediately upon feedlot arrival but a full-strength combination estradiol + trenbolone acetate implant was given later in the feeding period, this program was coded DEL for "Delayed."
Data were analyzed with the MIXED procedure of SAS (SAS Institute Inc., Cary, NC); implant program was the fixed effect, and study was the random effect. Studies were analyzed within sex, and the inverse of squared standard error of the mean for daily gain was used as a weighting factor.
Results and Discussion
In both steers and heifers, increasing the implant dosage (higher anabolic content per implant, combination vs. estrogenic only, or multiple implants vs. single implants) generally increased daily gain and dry matter intake, reduced feed-to-gain ratio, and increased hot carcass weight (P<0.01; Tables 2 and 3).
Implant program influenced marbling score in both steers and heifers (P<0.01; Tables  4 and 5 ). Implant program did not affect yield grade in steers (P=0.11; Table 4) but did in heifers (P<0.01; Table 5 ). Previous studies have demonstrated that yield grade is correlated with marbling score (Figure 1 ). Given that implant program affected both yield grade and marbling score in heifers in this meta-analysis, at least a portion of the differences in marbling score among implant treatments may be due to concomitant changes in yield grade. In addition, feed yards tend to market cattle at a fat-constant endpoint regardless of implant program selection. Therefore, an adjustment was made to actual marbling score by using the following equation:
Adjusted marbling score = (yield grade -2.82) × 43.63 where 2.82 = mean yield grade of non-implanted cattle and 43.63 = slope of the relationship between yield grade and marbling score.
After marbling scores were adjusted for differences in yield grade, implant program still had a significant effect on marbling score in steers, but marbling score differences in heifers were eliminated (P=0.50).
Although these data suggest that implant program affects marbling score, it is also important to understand how economically important these differences may be. Therefore, the relationship between average marbling score within a pen and percentage of that pen that graded Choice or higher was determined (Figure 2) .
A difference in marbling score of 20 units (similar to the difference between DEL/ HIGH vs. MOD/HIGH) resulted in an 8 percentage unit change in percentage Choice for cattle grading roughly 50% Choice but only a 4 percentage unit change in percentage Choice for cattle grading nearly 90% Choice.
Implications
Because of physiological differences between heifers and steers, implants have a more pronounced effect on marbling score in steers than in heifers. 
